Open Agriculture. 2017; 2: 401-410 300 and 250 days. The difference between operation times lies in the profitability, which decreases as the number of days reduces. Based on the result of this analysis, brewers' spent grain, groundnut cake, and sorghum flour can be utilized in industrial production of cookies with guaranteed profitability.
Introduction
Cookie consumption in the world today had increased owing to convenience, sales price, and extendable shelf life (Agama-Acevedo et al. 2012 ). There had been increased consumption of processed food such as bakery and pastry products due to urbanization thereby leading to excessive increase in production cost as well as the demand for wheat importation -a major raw material used in producing these baked products (Dotsey 2009 ). The cost of importation of wheat flour used in producing different kinds of baked goods had been of major concern because it contributes to high foreign exchange, hence the need to explore the locally available raw material such as brewers' spent grain for the production of rich fibre gluten free cookies (Igbabul et al. 2014) .
Brewers' spent grain (BSG) is a by-product of the mashing process, one of the unit operations involved in brewing which brings about the solubility of malt and cereal grains to ensure maximum extraction of the wort (Fillaudeau et al. 2006) . Following the separation of BSG from wort, the quantity of brewers' spent grain (BSG) generated could amount to 70-85% (Tang et al. 2009 ), which in turns accounts to 30-60% of the biochemical oxygen demand (BOD) generated in beer production process. The generated BSG can however be used in wet https://doi.org/10.1515/opag-2017-0043
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Plant Material
Ondo state (Nigeria) was assumed as the site for the location of the cookie production plant as the cost of land is incurred by the government of Ondo state (Nigeria). The design of the cookie plant was to convert in capacity 5.8 tons/day of BSG, groundnut cake and sorghum flour blends into high dietary fibre cookies, therefore, 1914 ton/ year in totality of flour blends would be utilized annually (330 days). This plant capacity was chosen based on the availability of brewers' spent grain and groundnut cake in Nigeria (National Bureau of Statistics 2016). The lifetime of the spent grain cookie production plant was set to be 10 years.
Economic Analysis
The cookie production process was based on an established production model by Omoba et al. (2013) and is presented in Figure 1 . The production process for the cookies was based on a constant mass flow rate from an automatic vertical pouch filling machine with a line form as animal feed (wet brewers' grains) or can be dried and use as human food (dried brewers' grain). Brewery industries produced more than 750 thousand tonnes of spent grains annually in Nigeria, thus making BSG a readily available low-cost by-product as well as a valuable resource for industrial exploitation (Mussatto et al. 2008) .
The use of BSG as a marketable commodity had received little to no attention and therefore has hitherto been used solely for the production of animal feeds (Ozturk et al. 2010 ). Owing to its chemical and nutritional composition (high dietary fiber which ranges between 60-71% (Mussatto et al. 2008 ) and high crude protein (21-29%) on dry matter basis (Omoba et al. 2013) ), its potential use in food industries, such as the manufacture of bakery, pastry, and flour confectionery products, has not been fully exploited (Dabija and Sion 2002) . The ingestion of BSG or products containing BSG had been reported to prevent or retard gastrointestinal and cardiovascular disorders (Santos et al. 2003) . Also, Frastnaught (2001) reported increased fecal weight, cholesterol and fat excretion as a result of BSG consumption. There have been previous reports on the utilization of BSG in pastries and bakery products (Huige 1994; Townsley 1979) . However, there are still limitations in the utilization of BSG on an industrial scale. Therefore, the aim of this research is to conduct engineering economic studies on the potential of brewers' spent grain partially substituted with groundnut pallet/ capital (WC). FCC is a production cost that doesn't change over time such as the cost of equipment purchase (Tang et al. 2016) . Table 1 shows the price of equipment used for the production of cookies as obtained from their manufacturer. Working capital cost, on the other hand, is the cost invested in raw materials, laboratory, inventory etc. Therefore, TCC can be represent by the equation below.
The Lang method was used to estimate the fixed capital investment (FCI) from the process equipment cost C eq , using the empirical equation (Peters et al. 2003; Coulson and Richardson 2005) :
where f L is the Lang factor and C eq the purchased equipment cost. A Lang factor of 4.15 for the food industry was used. The working capital cost was estimated as a fraction of the fixed capital investment according to Zacharias and George (2008) using Eq. (4).
production speed of 90 packets/min with a net weight of 250g/pack. The production operation was based on an 8-hour shift daily operation (Ilori et al. 2015) . The cost for required equipment (Table 1) was based on the recent selling price of the equipment by manufacturers and the cost escalation of previously known prices of similar equipment. Due to an irregular power supply, two generators with service life of 5 years would be purchased. The second generator would be purchased after five years of the plant operation and the price was obtained using the cost escalation method as shown in the equation below (Tang et al. 2016 (1) Diesel with an average of 100 litres at N180/L would be consumed by day by the power generating set.
Total capital cost
Total capital cost (TCC) for the cookie production fell into two categories: fixed capital cost (FCC), and working 
Production cost = Annual Production Cost
Annual Production Rate (6)
Annual Profitability
The economic feasibility of processing DBSG, sorghum flour and GP flour was evaluated using the NPV, discounted cash flow rate of return or internal rate of return (IRR), SPBP, DPBP, and rate of investment (ROI) using the procedure described by Coulson and Richardson (2005) . In this analysis, the cash flow was assumed to be uniform throughout the cookie production period. For effective economic analysis, no tax holiday was assumed and therefore, annual tax was set at 30% of the taxable revenue, likewise 40% of the fixed capital cost was set for capital asset allowance through which new equipment would be purchased to replace old equipment in the cost of the plant life. The net present value (NPV) is obtained using the equation below: 0 , where e = 1 (1 )
Where C 0 is own investment, P is profit, i is the interest rate or discount rate, and N is the plant life (in years).
Sensitivity Analysis
The cookie production was sensitive to some variables such as the cost of raw materials, utility cost, sales price, and operation labour cost. Therefore, there is a need to consider a sensitivity analysis for the cookie production. The variables, raw material cost, operation labour cost, utility cost, and cookie price, were set to range between ±30%. The effect of change in the price of these variables on the plant profitability were evaluated.
Result and Discussion

Analysis of total capital cost
The total capital cost for the spent grain cookies consist of both the fixed capital cost (FCC) and working capital cost (WCC). FCC is made up of pre-production expenses, which include equipment, piping, and installation costs. Working capital is the additional cost needed to operate the plant. This includes the cost for training, operating WCC = f WF FCI (4) Where f WF is the working capital factor which is 0.25 for food processing plant
The establishment of the present cookie production plant was supported by Ondo state government so land cost did not have to be taken into consideration.
Annual Cost of Production
The annual cost of production (ACP), which includes raw materials (RMC), utilities (UC), operating labor (OLC), maintenance (MC), laboratory costs (LC) and other necessary costs (OC), was calculated using the method described by Zacharias and George (2008) and represented by Eq. (5).
The raw materials necessary for the manufacturing of the cookies are dried brewers' spent grain (DBSG), groundnut pallet, sorghum flour, fat, sugar, salt, sodium bicarbonate and dextrose solution. The cost of raw materials was obtained from local markets, although lower cost materials can be obtained in some areas if there is mass production and low growing and harvesting expenses. A cost estimate of US$0.07/unit was obtained for the packets (6×8cm) and US$0.53/unit for the distribution cartons (40×30×12cm). The utilities costs, also referred to as energy costs, include power, steam, processing and waste water, and diesel, and were obtained from equipment ratings as shown in Table 1 . Electrical energy costs were obtained from the electrical rating of the equipment as described by their manufacturers. The cost of electricity was set at US$0.12/KWh. The labour refers only to seasonal unskilled or contract workers, and is obtained from the operational chart. The cost of operating labour was estimated with labourer's wages set to US$ 70/month for casual/contracts workers, US$120/month for factory workers, and US$135/ month for supervisors.
Ten percent (10%) of the fixed capital investment was assumed for maintenance costs, while the plant depreciation cost was estimated using a straight-line depreciation method (Moresi 1994) . In addition to operating costs, other expenses such as capital allowance, tax, royalties etc. were estimated by the method described by Zacharias and George (2008) . A discounted interest rate of 20% was assumed in order to express the time value of money. The product selling price was estimated at a 30% increase from the production cost. The production cost for 250g packets was calculated using Eq. (6) US$7.74×10 6 /year with the cost of food materials (Brewers' spent grain, Groundnut cake, sorghum flour, fat, sugar etc.) constituting the largest part (US$6.64×10 6 /year) while the cost of packaging material amounted to US$1.1 ×10 6 /year. Table 3 shows the annual production cost of the cookie production plant for different amounts of operating days in a year. For a cookie production plant operating at 330 days per year, the annual operating cost which includes operating labour cost, maintenance, raw materials, utilities, laboratory costs and the cost for running the equipment, is estimated at US$10.08 × 10 6 /year. The cost of raw materials constituted 76.70% of the operation cost. The food materials (BSG, groundnut cake, sorghum flour etc.) amounted to 85.77% of the raw materials cost while the packaging materials constitute 14.23%. The annual utility cost (CU) for the plant operation was observed to be US$2.25×10 5 per year. At a production rate of 90 packets per minute, and 250g of product per packet, 43,200 units labour, and finished product inventories etc. As shown in Table 1 , the total equipment cost was US$2.94×10 5 . From the equipment cost (Table 1) , the FCI of US$1.11×10 6 was calculated using the Lang method (Coulson and Richardson 2005; Peters et al. 2003) . WCC of 25% of the FCI for food processing plant was assumed and this amounted to US$2.78×10 5 . Therefore, the total capital cost for the cookie production plant establishment is US$1.39×10 6 . The fixed capital investment accounted for 80% of the total capital cost while the working capital accounted for 20%. Table 2 summarizes daily and annual raw materials required for the production of cookies as well as their quoted costs. The annual raw material cost was An exchange rate of N305 to US$ at February 2017 was assumed * Annual quantity for pouches and carton are not in tons but in numbers An exchange rate of N305 to US$ at February 2017 was assumed of the major raw materials (brewers' spent grain and groundnut cake) used for the cookie production.
Annual cost of production
Profitability
The source of revenue for the cookie production plant was the sale of cookies. Considering the production plant operating for 330 days per year, the unit sales price of 250g cookies was US$0.91 which was much lower than the unit price (US$1.65/200g packets) of commercial cookies found in the local market of Nigeria. The annual revenue was US$10.06 ×10 6 as shown in Table 4 . By accounting for the production cost, the annual profit realized after tax (90 packets x 60 min x 8h) of cookies would be produced a day (10.8 tons of product). For this level of productivity, cookie ingredients to the tune of 1897.5 tonnes (dried brewers' spent grain, groundnut cake, and sorghum flour) would be needed per 330day production year and require 20 staff; this including 12 factory workers, 6 supervisors and 2 engineers. The annual operating labour cost would amount to US$2.5×10 5 . Furthermore, the annual plant maintenance cost was assumed to be 10% of the FCI which amounted to US$1.1×10
5
. The cost of producing one unit of cookies was US$0.7 per 250g packet which was much lower than the commercial price of cookies (US$1.65/200g packet) found in the Nigerian market. The observed production cost could be attributed to the lower cost price to low NPV and in returns elongates the payback period. This however makes the project unattractive as shown in Figure 4 .
Sensitivity
The effect of varying the numbers of operation days on profitability of the plant is represented in Table 3, Table  4 , and Table 5 . From the results, raw materials cost, utility cost, and general expenses cost decrease as the numbers of days of operation decrease while operating labour cost was not affected by a change in plant operation days. The cost of a unit product (i.e. one packet of cookies) increased with respect to decrease in plant operation days. The reason for this could be attributed to the expenses that are incurred whether the plant is or is not in operation.
A reduction in plant operation days from 330 to 300 days resulted in 21.43% increase in the cost of production while further decrease in plant operation days to 250 resulted in 32.86% increase in cookie production cost. Increase in the selling price of the cookies also follows a similar trend of cost increase as the annual operation days decrease. As shown in Table 4 , Table 5 , and Figure 2 , both the annual profit and NPV decrease as the plant operation days decrease. The positive NPV for different amounts of annual operation days shows the viability of the plant. The effects of change in the price of some variables on the was US$1.63 ×10
6
. As shown in Figure 2 , the net present value (NPV) of the cookie production plant amounted to US$1.32×10 7 when the discounted interest rate was 20%. The NPV for the project decreases as the discount rate increases. This result correlates with earlier reports from Kadiri et al. (2016) and Taiwo et al. (1997) . Apart from the NPV, DPBP and the IRR were used to evaluate the profitability of the processing plant. The discounted payback period is the time (t) at which the NPV equals zero which is also the time needed to recover the FCI. As shown in Table 4 , the DPBP value of the plant operating for 330 days per year was 2.08 years. The IRR is the discounted rate (interest) at which NPV equates to zero. As the NPV equates to zero, the IRR for the cookie plant was estimated to be 78.95%. The IRR when used as a plant profitability index is acceptable when the value is greater than the minimum acceptable rate, which is 27% in Nigeria. Moreover, several non-discounted profitability criteria were calculated for the cookie plant. These include the SPBP, the ROI, and the gross margin. The SPBP is the time in which the annual cash flow (CCF) equates to zero while ROI is the amount of money in percentage recovered from plant's annual profit (ROI% = Profit/FCI). Gross margin is the annual profit divided by the annual revenue. The values for these above profitability criteria with respect to plant operation days are presented in Table 5 and illustrated in Figure 3 Net present value at different discount rates estimated for the cookie production plant as well as an affordable selling price for cookies could be an additional incentive to entrepreneurs and companies who wish to substitute wheat flour with BSG in cookie production.
